Inhibition of then renin-angiotensin system (RAS) ranks among the best established and most used cardiovascular therapies. By providing protection against hypertension and heart failure, and also the microvascular complications of diabetes, RAS inhibitors have contributed to the longer lifeexpectancy now found in higher income populations throughout the world. However, longevity propels aging persons closer to the inevitable cognitive decline. It is here that the RAS-inhibitors may also have a special role, especially in the many elderly persons with hypertension.
Background
Soon after the introduction of captopril there were anecdotal studies that those patients given this "life-style" drug "felt better". However, it was never clear whether the central benefit could be explained by blood pressure (BP) reduction or whether there was a direct effect on the brain. An early report in 1984 claimed a substantial moodelevating effect of captopril but only three patients were studied [1] . Soon thereafter Croog et al. in their famous quality of life study found that hypertensive patients taking captopril had greater improvement in measures of general well-being than those taking propranolol at similar reduction of blood pressures [2] . Yet it was not clear whether captopril was better or propranolol was worse than placebo.
Mechanistic Data
Gradually mechanistic data began to accumulate concerning the role of angiotensin-II (A-II) on central function. Generation of acetylcholine was found to be an essential key to the maintenance of cognitive function, and A-II inhibited acetylcholine release in tissue taken from the human temporal cortex [3] , which is regarded as the seat of memory. Furthermore, inhibition of the breakdown of acetylcholine in brain tissue improved cognitive function in a rodent model of Alzheimer's disease [4] and in elderly persons with cognitive decline [5] . Thereafter it was but a small step to postulate that drugs that inhibited the central effects of A-II would improve cognitive function and memory. Of the angiotensin-II receptor blockers (ARBs), losartan and telmisartan have been among the best studied for their effects on rodent models [6, 7] . Losartan also improved cognition when compared with equihypotensive doses of atenolol [8] , while candesartan gave benefit to elderly hypertensive persons with mild cognitive impairment [9] . Thus several reports, basic and clinical, support the concept that ARBs would be likely to help in protecting human cognitive function, which includes memory.
Is Brain Penetration the Answer?
Regarding the angiotensin converting enzyme (ACE) inhibitors, logic would say that the brain penetrating agents are more likely to preserve memory as suggested by Ohrui et al. to explain the benefits of captopril and perindopril in a clinical study [10] . The following ACE inhibitors are classified as centrally active: captopril, fosinopril, perindopril, ramipril, trandolapril which all cross the blood-brain barrier, whereas benazepril, enalapril, moexipril and quinapril are classified as non-centrally active [11] . In a prospective substudy of the large Cardiovascular Health Study, 1054 participants, all treated for hypertension, were followed for 6 years. The major result was that centrally active ACE inhibitors were associated with 65% less decline in MiniMental State Examination (MMSE) scores per year of exposure (P=0.01) Conversely, those persons taking noncentrally active ACE inhibitors showed a modest deterioration in mental status. Further experimental data supporting the benefits of brain penetrating agents comes from Yamada et al. (2010) who studied a mouse model of Alzheimer's disease, in which perindopril but neither enalapril nor imidapril improved cognitive performance [12] . Perindopril also inhibited central ACE activity by more than 50% [12] . In another laboratory study, perindopril inhibited the increase in hippocampual ACE activity found in a mouse model of Alzheimer's disease, and improved cognition [13] .
Is it Merely an Effect on the Blood Pressure?
In the largest clinical study on renin-angiotensin inhibition and cognitive function ever reported, lisinopril was the agent studied in a very detailed prospective cohort analysis on 819,491 persons on the data base of the US Veteran Affairs (VA), the extraordinarily large numbers giving great statistical weight to the findings [14] . Lisinopril was better than non-specified cardiovascular agents in delaying the onset of Alzheimer's disease and dementia, but not as good as ARBs [14] . Even better was the combination of an ARB with lisinopril. Yet the very best data were for high doses of ARBs and especially for the combination of an ARB and an angiotensin converting enzyme inhibitor. Two possible explanations are: (1) that lisinopril as a brain penetrating ACE inhibitor could influence memory beneficially and/or (2) that the blood pressure (BP) was better lowered by lisinopril than by other non-specified cardiovascular agents. Ascribing the cerebral benefits to BP lowering would also explain why cognitive function was better preserved by higher doses of the agents under study and by the combination of ARBs and lisinopril.
Of note, BP changes were not reported in the VA Study [14] even though the data should have been available. Disruption of the normal diurnal BP rhythm is closely associated with cognitive impairment via injury of the small cerebral arteries [15] . Overall, without the BP readings in the various groups understudy, this paper although otherwise compelling, does not conclusively show that the beneficial effect of ARBs or lisinopril on cognitive function is due to inhibition of central cerebral A-II receptors. However, taking the data of the Cardiovascular Health Study into account [11] the results are compatible with the concept of the central action of ARBs and centrally active ACE inhibitors.
The Next Step
As suggested by Sink et al. [11] a controlled trial using a centrally active ACE inhibitor should be prospectively tested in a large study designed to confirm the hypothesis that such an agent would preserve cognition better than a standard ACE inhibitor such as enalapril. For choice of the brain-penetrating ACE inhibitor, the agent well studied in laboratory animals is perindopril, which also helped to preserve cognitive function in the follow up of patients with a prior cerebrovascular accident [16] . On the other hand, there is also a strong case for lisinopril. Although relatively weaker on laboratory data, it was used in the largest ever clinical study [14] . The AVEC (Antihypertensives and Vascular, Endothelial, and Cognition) trial is a Bostoncentred double-blind randomized controlled clinical trial that compares 1 year of treatment of 3 antihypertensives (lisinopril, candesartan, or hydrochlorothiazide) in relation to their effect on the memory and executive function, cerebral blood flow, and central endothelial function of 100 seniors with hypertension and early objective evidence of executive or memory impairment [17] . This trial is supported by the National Institute on Aging. As hypertension is very common in the elderly, the selection of patients with hypertension is appropriate.
Current Best Practice
What should the clinician do until further large definitive prospective trials become available? My personal view would be that in managing elderly hypertensive patients who have a high probability of impending cognitive decline with the years, there is a good case for preferentially selecting brain protective RAS inhibitors. Thus the new aim would be not only to reduce BP in the elderly but also to protect cognitive function. From the available evidence, I would favour any of the ARBs with positive laboratory and especially clinical data. Among the best studied ARBs are candesartan, losartan and telmisartan (listed alphabetically, not in order of strength of supporting data). A good alternative would be to use one of the brain-penetrating ACE inhibitors (captopril, fosinopril, perindopril, ramipril, or trandolapril; again listed alphabetically).
